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1. IntIoduCtio” 

In the last five years a profo”“d advance has 0cc”rred in our under- 

stmdinq of the asymptotic high energy behavior of relativistic quantum 

field theories, Much of the progress in this erea be been achieved by 

H. c!leng end T. T. ml. They have shown that a variety Of field theories 

have the Bale general feature in the limit Of extremely high energies. - 
The edution satisfiee all honOred physical principles such as unitarity, 

andyticity, and crossing symlnetry. 

me central queetion is: noes this eolutio" apply to the etrong 

interactions Of hadrone?. The test Will and must come frcm experiments. 

The recent accurate meamremente Of proton-proton tote1 cross sectiona 

et the ISR give etrong eupprt to the inpact picture. It is, therefore, 

l~rthwhile to make a preltiinary appraisal. of the expxtiental situation 

at this time, when a great many new experiment. will shortly be canpleted 

at the National *cce1erator laboratory, USA, and the Intersecting storage 

Ring at CERN. The purpose of this paper is threefold. First, to provide 

en expeeimentalists viewpoint of the theoretical progress of the last few 

year* in this field. A5 Such, it embraces a lack of rigor. lxY.le"er. it 

is hoped that it provides some inspiration and understanding to experi- 

mentalists about this particular theoretical interpretation of their data. 

Secondly. I Will report 0" a preliminary analysis Of existing high energy 

data using a phenomenological node1 which on the one hand possesses au 

properties demanded by the impact picture at extremely high energies and, 

on the other hand, is sufficiently realistic to fit data for incident 

laboratory enerqy above 20 Gev. Finally, I Will briefly present otter 

predictions of the impact picture. 

II. Theoretical Basis of the Impact Picture 

Host of the theoretical effort has been devoted to a study of 

quantum electrodynamics with massive photons at very high~energy. Gen- 

era1 features of the high energy scattering amplitudes have emerged. It 

has been verified that the same genekal features occur with scalar quan- 

turn clectrcdynamic field the&y and +' theory. We shal.l confine our 

attention to quantum electrodynamics. 

High Enemy Limit Of ElaetIC scatterinq 

consider the elastic prccess 

a + b'a +'b 

In the limit 

a+- 

and t fixed. 

me relevant 1cmest order diagrams for the three prc.zesee* are 

ehom below with their corresponding dependences on energy. 

PXTJCWS 

e+e 

-te+e 

-i+e 
+y+e 

Y+Y 

+Y+Y 

2 * 
-I 

lL ; 

II 
I I 

la- 
only examples Of the diagrams are shown at emy given order. 

*t higIl enough order the Amplitude =.i 8. Hence 

aim UT is finite and non-zero. 

S’” 

Thus cme6 sections tend to constants to this order in the expansion. 

A general feature turns out M be that .for the important diagram! 

photons are exchanged'betveen groups of particles which may be the inci- 

dent p&ticles themselves ox' the ones created by them. 

Higher Ordere 

We inquire whether if we go to still higher orde* are there terns 

that grow faster than s a6 6 * -. In this case the result would he 
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eim OT +- 

s-m. 

ccmsider again ee -going to higher order 

H 
The amplit"de in this case goes as i 8 t"s. I" genaral, it t"r"s ""t 

that electron loops give 8 Lna te,ms. 

BY the Optical Theorem the above diagram is related to 

the prod"ctia" Of 10" energy 
p.7rticlss in cme (in hadron 
physics referred t.* as 

Given that there are diagrams that grow faster than s, a vital 

queetion poses itself: k!t happens after we sm all diagrams that give 

lcgarithic factors? e.g., 

this case, n loops lead to i rr2("+1) s(k)". 

summing over all possibilities gives the result 

*here c 111 a2 - 32 for QED and similar reS”lts for scalar electrodynamics, 

03 theory, etc. 1" general, E is related to a coupling constant in the 

theory. The expcment of the kbs term in the denominator seems to be 

probably b 1 in general. Thus tie amplitude increases faster than s (for 

this class of diagrams). At first sight this i8 a disturbing result ard 
appears to lead to * total crone section that rises as a power of s. 

This possibility wuld violate,the Froissart bound. We will now discuss 

the solution to this dilemma. 

wa express the sccattering amplitude in the impact-distance repre- 

SElMati.3”. 

&Us,-A*) -AL-I ,$ .: 1 D(S.XI) 

vhere now MIS,-A') includes contributions from gpssible diagrams in 

the world. 

Ob,x,) is defined to he the opacity at 6 and x1. By a 

Fourier hanefom we obtain 
+ + 

Db.X,l - = -1 I dz A2 e-i A . x 1 M(s.-A') . 

In the limit of large xl, we replace M(s,-A’) by 

-.A-- 
-A= -A2 

which is the form of the propagator for the exchange of a particle. We 

then obtain 

D(S.Xl) * expi-A 1x11, . 

Thus the smallest effective A cantributes most to Ots,x,) at large x1. 

mis is all consistent with our intuitive understanding. The leading 

diagrams of this kind are just the kind of diagrams that we have dis- 

cussed and have, in addition, the s dependence give" previously. 
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-ET -ET 1 1 I . I . 
l&L l&L 

Thus at large x, we have the 
important rest112 that 

c 
0c*,%,, ?r B *-A lx*1 . 

cJA-4 2 

Now consider the case cf ftxed large 
xi, then O(s,xl, increases with 8. 

III. -1, The Phenamenological node1 

In association with Chew and tiu an effort has been made t" con- 

struct a phenmenological model that possesses the above properties of 

the impact picture and yet at the same'time is sufficiently realistic to 

fit the data frm Serpukbw, NM,, and the 15R. 

we vale OfS,Xl) to look like 

D(S.X~l 

1.0 

Thus the interaction extends into larger and larger transverse distances 

as s increases. Thus Dfs,xl) approaches 1, at a value of s such that 

I 
z Lns E R >, Ix,1 . 

Other diagrans bec""~e important in that case. 

The ,wst general statement seems to be that 

DbX,l - Constant 

-1 XI”&7 =-- 

The mnstant my or my not be as large as unity. However, it seems 

natural that for strong interactions the constant should be as large as 

possible, namely unity. 

the pi&& which emerges is that a particle acts like a Lorentz 

contracted pancake with two regime ---- 
(-J (--Jj f-J1 

, 4 
increasing s O(E"Sl 

mere is a gray fringe area and in the-center there is a black core. 

The simplest fOrIn is 

O(S,Xl~ - 1 - exp[-SW FkL2,]. 

The function S(s) will be the same for &processes mediated by the 

*anero*, e.g. 

n+p+n+p 

and .P+P+P+P. 

~11 channel information resides in ',(x12) f"r jth channel. We 

take 
l/2 

Fj(X12) = fj exp[-A,xlZ + xoj21 1. 

This invol”es three parameters: 
fY A. xoj. A does not depend on the 

chnne1 because for large XI 

F, * =+(-A XL) 

and the shape of the opacity function at the fringe should be a pr"perty 

of the meron - not of the channel. 
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On the basis of our experience with QED we might take 

c 
Sk4 -8. 

(Ins)=’ 

For the present, however, it is an adequate approximation to take c’ - 0 

thereby obtaininc, a value for a,, "eff.~ti"e" C. 'The asy"pt"tic energy 

scale of hadro" interactions is then controlled by the value of c. There 

is a ,&ble. with the choice Sfs, = s=. In this case the elastic scatter- 

ing amplitudes for the ttm processes 

a+b*c+d 

snd ;+b+:+d. are not equal. 

i.e. we demand that the amplitude satisfy crossing which it clearly does 

not with the above choice of S(s): 

Consider 'the complex s plane. 

we require that if we analytically continue the direct amplitude to 

the position of the other amplitude the" this function should describe 

the ~r&sed reaction. The choice 

SISI - [s exp(-i n/Z)]' 

achieves this. 

Abe node1 the" hes the elastic scattering amplitudes 

M~(T,-A~) functions of x ., f. 
01 3' 

which depend on the chmnel and tm real co"st""ts A and c which are 

~onu,,on to "11 channels. 

The differential ~106s secti"" f"f elastic scattering in ch~"1.21 j 

is tin the limit of large 6) 

(11 

where t - -AZ. 
The total cross sectim is related to the imaginary p-art of Mjls.Ol 

[Remendm that to convert from (Ge”l-2 tc. mb, 11 faCtOr Of * is 

needed.] 

AS Im H(S,0',s is B" increasing function ot s, the total cross 

sections Will rise. 'of total cross sectione do rise indefinitely with 

energy, at what energy does this begin to occur? Until very recently. 

the data of ~enisov et al. at Serpukhov for the K+p channel, was the only 

case of an appreciable rise in total c*OS* section. There is some redis"* 

to expect that an exotic channel may show asymptotic features at a lover 

energy than fOT a non-exotic channel. In order to determine the value of 

c, one accurate piece of data'& required at very high energy. Very re- 

c~tly, this most important piece of information has bee" provided by two 

beautiful experiments at the 1% in the fom of a total pp cross section. 

A+ lower energies we assume the increase is masked by a decreasing back- 

qround. In this ~858 we assume 

ototal (j) = Aj s-"~ + 5 rm Mjle,Ol. 12) 

xn order to satisfy the optical theorem. this parameter Aj should appear 

also in the formula for do/dt. "OYeveI, at this stage we hnve Co"ce"- 

tiated on trying to take proper acco~"t only of the panera" (or asymptotic) 

contribution to do/at. 

This cmpletes the description of our simple made1 for all asymp- 

totic hadronic processes. titer we shall generalize it to inelastiydif- 

fraction scattming without spin-parity exchange. 
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1x1. -2) Properties of the Wdel III. -31 wmerica1 Analysis 

The function Fj(xl*) has the property that, raised to a" arbitrary Our objective is to provide a reasonable ""merical fit to all 

positive power, the tvo-dimensional Fourier transform is m elementary had="-hadrcin~processes at high energies s ; IO &X2. The fit should 

f”lEtiO”. More precisely 

m- 

- f;" '2 l/2 
n A [l + xoj(A + n*A*) ] (A* + n2A2) 

-3/z 

l/2 
exp [-xoj(A2 + .*A? 1 (3) This i"""lvcs six ~"nstants ", (for the chaimels p, p. rr+, n-, x+, K-,. 

In addition, H, in~lves t.v., paramt~~s f am, x 
j 4 

"hiah depend on the 

for n > 0. charnel but are the same for particle and antiparticle. This products 

we then obtain, after expanding OIS,Xl~ a".sdditional six parameters. Finally, there are twc. parmetars which 

are independent of the channel. The first of these A, cbara&criza the 

xj(s,-A2~l = i s A 
rn (-1)“-1 f ” 

.c 

rs expc-i n/21]"C shape of the fringe of the interaction region. The other mmete~ E 

"-1 (n - 111 establishes the energy scale in asymptotic hadron.dy".mics. 

This in~lves a total of 14 parameters, the six Aj h&fit the 

[l, + xoj (A* + “‘X2) 
l/2 

] (A' + n*A'l 
-3/z, 

l/2 
exp [-xoj(A2 + n2A2) 1. 

Equations (11, 12). (3). and (4) give cmpletely the model. 

of cc,urse in this asymptotic model 

g (i;h) = s (hh) 

hprove for the higher energy data. 

It is worthwhile to clearly sMe the numbm of ~ameters in tha 

iit. The total CTOSS sections are parmeterized iii the form 

ototaL (j) - *j s+* + 2 ,+ M;(=,W. 

(4) 

tot?.1 cr0ss sectians at low energies (40 2 s : 100). thereby yielding 

better information on the asymptotic pait of the cross sect& &b"ve 

s = 100 essentially all "f our iits and predictions for teal CI"SS sec- 

tions, elastic and inelastic diffractive cross scctibns, for all channels 

are determined by the rwai"ing eight psrmaters. 

Specifically the above fourteen psrmetem arc determine-3 frm the 

following fourteen pieces "f data: 

1) At E - 20 Be", the p~total cross section is 39.0 mb. 

21 At E - 60 Be", the pp total cross section is 38.4 ml,. 

31 At E - 1485 Be". the pp total cross section is 43.2 mb. This 

where h is any hadron. since we have at the.present time mitted from 

do/dt the background terms which tall presumably approximately as some 

power of e, our values of do,dt should be most acc"rate for K+p ana the" 

less accurate in order for pp, n+p. n-p. K-p, and PP. 

is the crucial piece of data obtained at the ISR to which we 

have previously referred. 

4) At E - 60 BeV, the dip in the pp differential cmss section 

occ"*s at ItI = 1.8 W/C)2. This value is smewhat arbitrary. 

51 AtE- 505 B~V; the average slope. between ItI of 0.14 and 

0.24 mv/cl.2, for 9.n da,dt is 11.5 ~se",c~ -2 for pp elastic 

scattering. 
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6) At E * 70 Bev, the total*K+p cross section is 17.5 *. 
7, At E = 60 Be”, the total K+p cross section is 18.3 *. 
8, at E = 60 Be”, the average slope, between ItI Of 0.1 ano 0.28 

mev/c 1 z, for L” do/at is 7.4 mev/c, -* fcm K+p elastic 
scattering. 

9) At E = 47.5 Be", the pp total Ek-OSB section is 44.1 mb. 

10, At E = 52.5 BW. the K-p total cross section is 20.3 mb. 

11) P.t E - 20 Be", the "'P total cross section ia 23.5 mb. 

12) TxtLt= 60 Bav, the lr+p total cross section is 23.15 mb. 

131 *t E = 54.2. the average slope, between ItI of 0.05 and 0.53 

meV/d2. fcr en ao,at is 9.5 (Be"/c)-2 ior "'P elastic 

scattering. 

14) At E = 60 Be", the n-p total cross secticn is 24.2 *. 

The resulting parameters are: 

c 

x 

Xo(PP) 

f(W) 

A(PP) 

xow 

few 

x0 WP) 

fowl 

a(n+P) 

A(FP) 

im+p, 

A (K-P) 

Am-P) 

= 

= 

= 

= 

= 

= 

= 

15 

SC 

= 

= 

= 

5 

0.082925 

0.60071 

3.8750 

X.5812 

47.372 

1.4295 

1.3452 

3.8457 

3.6355 

29.220 

101.81 

il.,2543 

29.384 
= 40.416 

-1% 

111.4, Total cross sections 

The existing total cross section data is shown in Fig. 1. There 

is, in addition, cosmic ray data which shows that the proton-proton cross 

.ection is rising in the range lo4 < s ,< lo6 Ge". 

we predict on the basis of this parameteriiation of the data that 

the positive pion. kaon, and proton cross sections will all rise me*sur- 

ably in the energy range available at NAL. Obsematim~ of this phenom- 

enon will be of great interest and impxtance. 

Elastic scattering 

Figure 2 shows the predicrions~far the elastic scattering of pro- 

tons. A break at [tl Somewhere between 1 and * (Gevm2 in the slope of 

do/at for proton-proton elastic scattering has been known far several 

years. The interesting feature of this break ia that it tends to become 

more apparent as the incident energy is increased. This behavior is 

aniqrre canpared to other dips, bumps, shoulders, and structures in all 

channels Of hadron-hadron scattering. Within the context of the impact 

picture, such structure in ela*tic differential cross sections must 

develop as the energy increases. *is is due to the blackness of the 

core developing as energy increases and consequently a diffraction 

pattern with dips must become apparent. We predict tvm things; first 

the dip will become more pronounced as energy increases, and secondly, 

the position of the dip will move slowly to smaller values of momentum 

transfer as the energy is increased. These qualitative effects should 

all be observable at both the Hational Accelerator labOratory and the 

ISR. 

Recently, preliminary results an pion-proton elastic scattering 

at large momentum transfer have been reputed by orear et al. A distinct 

break in do/at occurs at ItI = 2.8 (GeV/c)'. Our fit successfully pre- 

dicts a dip at ItI 2 3 (Gev/c)' for s : 100 (GeV)z. AS the energy is 

incresscd the dip develops slightly and its position moves to smaller 

mmentum transfer much more rapidly than in the case of proton-proton 

elastic scattering. Early experiments in the Meson Labaratory at the 
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liational nccelerator lakoratory wiil have the a.ccuraoy and sensitivity 

to co"fim these predictions far pi""-proton scattering. 

In the casks of Kp elastic scattering we predict that there will be 

no dip in the cross section. However, we predict that the KP elastic 

cross section for It( 32 GeV2 will be larger than the corrOspondi*q 

cross sections for np and pp scattering. 

we consider DOW the elastic scattering at sIral mome"tm,tra"sfer. 

He have investigated possible structure in ourpredicted cros* section 

ao,at for elastic proten-proton scattering in the range 0 s ItI ,< 0.3. 

Specifically, we have fitted two straight lines to 9," klO/dt) to deter- 

mine the value Of ItI = Itlbreak such that there is an optimum fit. The. 

result is that ltlbreak = 0.13 t 0.02 (Ge"/c)* in the range lo2 \< s \' 106. 

1n addition, for small changes of parameters given previously this result 

still holds. A break at ItI = 0.13 in tile slop of the elastic scatter- 

ing cross section in proton-proton collisions therefore emerges in a 

rather parameter-independent way. cur mode1 CoTreCtly gives not only 

the break at a reasonable place (ItI + 0.13) but also a value of Ab in 

the range indicated by the experlment.a1 data. 

Figure 3 shows the available data for h from Serpukho" and the ISR 

on proto"-proton elastic scattering. It can be seen that the rapid 

shrinkage observed at serpukho" appears to have SlOWed down *or s; 100 

lW2. we predict a continuing sipv shrinkage for s > 100 Gev' in koth 

ranges of nmmentum transfer. 

High quality data on b from the USSR-America" collaboration at NAL 

studying proton-proton scattering for 40 ,' 5 ,' 800 and in both ranges of 

momentm transfer should be able to amfirm these p~33ictlons. 

we predict similar breaks in the np and Kp differential cross sec- 

tions. High precision (0.5%) neasurements on b will be made in the 

Meson LabOratory of the National Rccelerator laboratory for both pions 

and Iraons up to 5 = 300 (ce")2. The predicted slow shrinkage and breaks 

should be able to be confirked by these measurements. 

-14: 

III. -5, inelastic oiffractive scattering 

Consider the scattering problem with N channels which are c0"pled 

through diffractive processes. Let the *cs..tterilq matrix element be 

written in impact distance repr&entation as 

where a(Zl) is an N x N matrix and * is the unit matrix. 

It is important to realize that since all diffractive procesees 

are mediated by the same pcmeron the effective "patential" i""ol"ed has 

the same ranqe and energy dependence. The matrix a&l describes the 

scatterinq mediated by the pomeron ana its diagonal elements represent 

elastic scattering. since the pmeron is relevant to all the prc-ze*se*, 

all of the matrix elements of akll must be of the same order of mgni- 

t"de. Since the very wards "black core" mea" that the diagonal natrix 

elements of at:,, are~sm11 there, the oft-diagonal elements of a,(:,, 

must also be small there. Thus we conclude 

ai,+ = 0, i,, = 1.2 ,... N 
inside the core. 

Outside the black core. there is n grey fringe of thickness O(1). 

By definition, the diagonal matrix elements of al:,) in the fringe are 

O(l). Therefore in the fringe we have all elements of aGL) to be O(l). 

ai,l:I) = O(l), i,, - 1,2,...N. 

Remembering that the unit matrix 1 is diagonal we see that the dmimnt 

contribution to an elastic process comes from the black core. 0" the 

other hand. the dminant contribution to a diffractive inelastic process 

cpnles from the gray fringe. 

Given that the radius of the black core grows as ins and the fringe 

remains of constant width, we have 
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in the limit of large S. 

In terms of the previous parmeterization of our model for elastic 

scattering the diagonal elements of a(~,) , the simplest choice for the 

non-diagonal terns is 

ai,(s,:Ll = ci, S(S) Fij (x,*1 exP[-s.(S) P,,cx*3] 

where cij is a real constint and S(S) and F~,(+ are the same functions 

as defined for elastic scattering. 

Using this form of aij(s,zIi veobtain the.mtrix element for a 

diffractive inelastic process 

H~~(s,-A~Z) = i s A cij 
i 

"I-u"-l fi." [s exp(-i v/Z)] 

n-1 (" - 111 

In addition we show the experimental data for the reaction 

p + p *p + Nf114001. 

The calculated curve is for the reaction 

I 

and we have normalized the cross section by choosing CitS far this channel 
l 

equal to 0.1. The N*U400) is shifted in mass relative to the N (1470) 

which is well established in pion-nuclwn phase shift analyses. The ex- 

planation for this mass shift is not clear. However, if oar identifica- 

tion of these two structures being the me particle is correct, then, 

the steep slope WJ = 15) observed for this reaction is accounted for in 

the present model. we predict a dip in the cross section at ItI = 0.5 

and furthermore a slow movement of the dip position as the energy is in- 

creased. The experimental data is suggestive of a distinct change in 

slope at ItI = 0.5, however, there are large systemtic uncertainties in 

the data for [tj < 0.5 ana the situation is unclear at this time. The 
figure shows that we expect the slope of do/at for 

[l + woij’A2 + nzA21 
l/2 

] (A’ + n2h*l 
-3/Z 

l/2 
exp[-xoij CA2 + .'A? ]. 

There are no free parameters Other than the overall nom1ization 

factor Cij. 

using the previously determined parameters, Fig. 4 shows the pre- 

dieted cross sections for the reactions: 

* 
p + p *p + N (1470) 

li + p -t II + N*I1470) 

K+p'K+N*(14701. 

to be significantly less than for the corresponding reaction for incident 

protons. m addition, there should be dip structures or breaks in these 

reactions which tend to move fairly rapidly as s is increased. 

These three inelastic diffractive channels with no exchange of spin 

and parity can be studied using the very high resolution strong focusing 

spectrometer presently being constructed in the Meson Idbratory of the 

National Accelerator Laboratory. 

The degree to which thin model satisfies factorization can be in- 

vestigated at this stage. First, we have calculated the ratios of the 

following reactions: 
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R(PP) = p 
+p+p+p 

p + p L p + N*(l400) 

and similarly for the np and Kp chaM=ls. If factorization is valid the" 

~=%?L,!LLw.,1 
R CKP) R(KPI . 

Figure 5 shows the predictions of the mcdel as a f"nctim of men- 

tors transfer Itl. 1t oan be seen that at small ItI the model predicts 

that to within abut 5 to 10%. factorization should hold. At larger ItI 

factorization continues to be god for the 7p and Kp comparison. However, 

in the pp to up comparison there is a marked increase in the extent to 

which factorization is broken as ItI is increased. Because the differ- 

ential cross sections are heavily weighted to small ItI the integrated 

cross sections satisfy factorization to better than &out 15%. In addi- 

tion, we find that the s dependence of% is extremely we&. Thus, OUT 

model is consistent with various experimental checks which show that 

factorization works to abOut 10 or 20% for integrated Cross sections. 

~owevee, this made1 indicates that in the region of the dip which develops 

at ItI = 0.5 for the pp diffraction scattering, factorization should fail 

rather badly. 

The dashed curves are the predictions of the model in the case 

whore we have refitted the model to all of the data given previously, 

however, in this case we have chosen c’ = 1 rather than c' = 0. The 

predictions of the model are not sensitive to these choices for c'. 

IIr. -6) Real to Imaginary Part of Fomaxd Scattering Amplitude 

The model makes predictions for these ratios for all of the elastic 

and diffractive inelastic processes already discussed. We recall that in 

the model the total cross section for a channel j such as pp or pp is given 

w 
d tot*l (jl = .js-1’2 + 2 Irn Nj (S,Ol 

where Mjb,o, is defined earlier. since crossing symmetry is properly 

take” into acco”nt in this model Mjk,o, is analytic in the upper half 

plane. It is th"s simply II matter of extending the background term 
A *-l/2 

J 

to complex values of 8. If we neglect the masses compared vith 

s then the ratio of the real to imaginary parts of the forward scattering 

amplitude is given by 

-A ,*-l/Z " + 4.893Fe H (S,", 
a= 

,js:'/z + 4.893Re Hj ~*,"I 

Here j' denotes the corresponding u channel. For example, if j is the 

pp channel, the j' is the ;p channel. 

In figures 6, 7 and 8,a is plotted in the range lo'< s< lo4 me"= 

for PP, i;p, & K'p. The solid lines are for the parameterization c' = 0 

and the dashed lines are for the case c' = 1. The difference between the 

two sets of curves is quite small. Of course, both sets of c"r"es depend 

sensitively on the values of the recently measured total pp cross sections 

at the I.S.R. Figure 1 shows the experimental data for the pp channel 

fro", Serpukhov and the I.S.R. The agreement ts quite satisfactory. 

POT 5 below 100 SW*, it is necessary to use the experimental data 

at lover energies and perform the dispers<on integral. For 6 above 

lo4 GeV' the two sets of curves are not in good agreement. Qualitatively. 

all a's approdch zero slowly from positive values. For the two sets of 

curves the value of c is quite different. For o' = 0, c = 0.08 and for 

E' = 1, c = 0.2. Since WE expect c to be less ,thon 1 on very general 

grounds both values of c are acceptable. However, the choice c' = 1 

and c = 0.2 is perhaps to be preferred. since we are dealing with strong 
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interactions and c is related to th. coupling constant, the larger value 

of c appears preferably. 1n addition, in field theories studied so far, 

it appears that c' 5 1, which lends support to the larger value of C. 

The only channel which has been experimentally investigated at high energy 

is once again the pp elastic. the ratio is predicted to increase from a 

negative value at Serpukhov energies then crosses through zero at 

s <~lOOO and becomes positive. Iherecent data from the ISR is consistent 

with this behavior. At higher energies the ratio is predicted to have 

a broad maximum of around +0.1 in,the region lo46 sb ~10' and then to 

fall asymptotic+lly to zero with a (log 81 -1 dependence. 

III. -71 Ratio of El*stlc to Total Cross Sction 

m the limit of very high 8 where the black core dominates in its 

contrib,tion to the elastic scattering amplitvde we expect 

OepTot + l/2. 

On the one hand our phenomenological model of the impact picture 

fits this requirement, and on the other hand, it is clear from the 

preceding discussion that the model fits the present values of 

oe.d"Tot 5 0.17 measured at the TSR. The predicted rate of increase of 

this ratio. oee/trT from the present value of 0.17 to the asymptotic 

value of 0.5 is very low. For example at s L: lo6 the ratio is still not 

more thoi" about 0.25. 1t is a fact that some functions approach their 

Umiting values more s1ovly than other functionsl 

I”. Other Predictions of the Impact Picture 

I". -1) Pionization 

1n Se&ion II we mentioned the relationship between the increase 

of total cross sections with energy and the production of slow particles 

in the center of nmss system. The impact picture provides this come- 

lation betwcfn these two phenomena in a quite precise way. There is no 

way out of the dilem" for tee impact picture if 

a) one or other of the trio phenomena do not exist, 

b, the s dependence of the tvm phenomena are "O-L correlated. 

We have previously discussed the existence of rising total cross 

sections. Experimentally; there is now also evidence from the ISR that 

pions are produced with low momentum in the center of mass systecand in 

accord with the predicted distribution 

9 fCP*? ~"S-j" x sg 

where g is related to c and is positive. 

Figure 9 shows the data for the reaction p + p * II + Anything. 

The above distribution leads to a flat distribution in rapidity as 

observed. Secondly, we expect a rise in the cross section for this 

pionizatia" a.5 8 is increased in the range of the ISR where the total 

cross section begins to increase. Figure 10 shows the available data. 

The situation is not clear ait this time as the accuracy of the data is 

not very good. Eowever, a rise is suggested by the data. 

The approach to the asymptotic s dependence in the central region 

predicted by this model is surely going to be slow. Not only is this 

suggested by Mueller type arguments, but more convincingly. the present 

data on the T-/T+ ratio in the central region at 15~ energies is 

approaching 1 rather slowly. Hence it will be difficult to make a 

convincing comparison of the predicted and observed s dependence of 

pionization in the central region at available ISR energies. Clearly, 

a higher energy storage ring would be very useful in this regard. 

There are of course many ways to saturate the Froissart bound. 

However, the connection between the total cross section and pionization 

is a key stone of the impact picture. Thus accurate data on this 

process is of great importance to *ssess the relevance of the impact 

picture. 

Finally, in this connection , we should say that the predicted sq 

bo, cl" dependence sho"ld hold for any pL for large enough S. 

IV. -2) Pionisation in Cxclusivc P~ocssses 

The impact picture predicts that a similar distribution 
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9 f cp.2, E”;1” . (Is negative, 

should hold for exclusive processes with suitable quantum "tiers. For 

example the above distribution should hold for the reaction 

channele have been gi"eni,"t there is little data to Confront 

the predictions. The little data which exists is consistent 

vith the theory. To a good approximation f.CtO~iZatiO" iS 

predicted for these channels at low mmentm transfer. 
p+p*;+n-+p+p. 

Thus for this exclusive channel there should be a flat rapidity 

c 1 distribution and in addition a ens energy dependence. There 1; already 

some experimental evidence for both of the effects. 

7) The predicted real to Lmaginary ratio for the elastic pp 

amplitude is consistent with the date. Predictions are given 

for the phase of the ?I*, K* forvard scattering amplitudes. 

Thus there is a fairly broad agreement between the predictions of 

Y. Co"cl"sio"s 

we have made a preliminary appraisal of the relevance of the 

mpact picture for high energy hadron interactions. The conclusions 

at this time are the following: 

1) The prediction that total cross sections rise with energy is 

correct for two channels and represents a me," qualitative 

triumph for the theory. Fairly firm predictions *I& now given 

for the other channels. 

the Impact Picture and the available data on, the scattering of hadrons 

at high energy. Many new tests have been suggested here, which when 

completed will. subject the Impact Picture to more detailed investigation. 

1t is extremely encouraging at this time. however, that ., single consist- 

ent theoretical picture seems to be tierging which o" the one hand 

satisfies the fundamental tenets of field thecry and on the other pro- 

vides a unifying view of total cross sections, elastic cross section, 

and inclusive reactions for all channels in hadron physics. It remains 

a major challenge in the near future M subject this theory to further 

confrontations with experbmntal data. 

I acknowledge many stimulating discussions with Professors H. Cheng 

and T. T. 5%. 

2) The predicted pionization has been found to exist. The energy 

dependence of this process has not yet been carefully checked 

and may prove difficult at existing energies. 

3) The predicted develop~ient of diffraction minima in the elastic 

scattering has been found to take place. The predicted s 

dependence of the position of the minim" in the cross section 

has not yet bee" checked. 

4) The predicted slow +hrinkage in the slope parameter (b) at 

high energy is,in good agreement with the data. 

5) Predictions for T!p and Kp elastic scattering have yet to be 

fully tested. However, the predicted first diffraction minimum 

in the "p case at ItI = 3 appears to h"ve been seen experi- 

6) Predictions Tar diffractive inclnstic sc"tteri"g in the various 
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Figure Cwtions 

Pig. 1 

Fig. 2 

Fig. 3 

Pig. 4 

Pig. 5 

Fig. 6 

Pig. 7 

Pig. 8 

Fig. 9 
Total hadron-proton cross sections in millibarns are Shown Ss 

a function of s (the square of the center-of mass energy). The 

curves are predictions of the impact picture with the parameter- 

*ration given in the text. 

Fig. 10 

Proton-proton differential elastic scattering cross section 

do/at Ss S function of ItI fof vSriou+ value* of s. The solid 

curves are predictions of the impact picture with the parameter- 

isation given in the text. 

"alues of the slope parameter b at anal1 nomentum transfer 

(0.054 ItI< 0.15) and intermediate momentum tiSn*fer 

(0.154 ltl< 0.35) are shorn S* S function Of 8. The cUrYe= 

are the predictions of the impact picture with the parameter- 

iration given in the text. 

oiffkctive inelastic scattering without Spin or parity exch*nge 

for the pp, np, and up channels. The solid c"N** are predic- 

tions of the impSct'pictare with the parmeterization given in 

the text. The chosen values of s *I* those possible St <he ISR 

and also with pion and kaon beams at the NAL and CERN II. 

*=%!a 
Rth'p)' 

where R(hpI is the rStio of the elastic to diffractive 

***1e*tic channel, is plotted "I**"* ItI for s = 100 wJz. 

meal to is$imry part of the forward scattering amplitude for th* 

proton proton case. The solid and dashad curve6 Sre for the 

c*ses c' = 0 and c' = 1 respectivel,'. 

ma1 to imginary put of the forward scattering amplitude for the 

pion proton case: The Solid and dashed curves are for the 

cases c' = 0 and c' = 1 respectively. 

Real to inaginery part of the forward Scattering amplitude for the 

kaon proton cSSe. The solid and dashed curves SrS for the 

case c' = 0 and c' = 1 respectively. 
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Rapidity plot in the central region for pion prduction 

in proton-proton collision*. 

energy dependence of the 90 degree differential cro*s section 

for pion prcduction in proton-proton,callisions. 
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